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DRAFT RESIDUAL RISK ASSESSMENT FOR
GROUNDWATER CONTAMINATION
NORTH END SITE

1.0 INTRODUCTION
1.1 Objective

The North End Site was used for the disposal for lead-contaminated wastes
resulting from the production of steel. Remedial activities at the site included soil removal
and installation of groundwater monitoring wells. The Missouri Department of Health
(DOH) was tasked by the U. S. Environmental Protection Agency (EPA) to conduct a risk
assessment to determine if remaining groundwater contamination warrants cleanup.

1.2 Site Background

The North End Site is located in an industrialized area of Kansas City, Missouri,
within the Armco complex, an active steel manufacturing facility (Figure 1). From 1962 to
1980, the North End Site was used as a landfill for the disposal of lead-contaminated
electric furnace baghouse dusts generated during steel production.

In complying with the Administrative Order of Consent (AOC) , Armco Inc.
conducted a removal of lead-contaminated soil at the North End Site. This included
excavation, sorting and staging, testing, off-site disposal , and verification of the
effectiveness of the removal action. Over 26,000 cubic yards of material were excavated
and disposed of in permitted landfills. Lead concentrations in soil samples taken following
completion of soil removal were less than the clean-up criterion of 238 mg/kg total lead.
After confirmatory sampling and analysis was completed, the site was backfilled, graded,
and seeded.

Pursuant to the AOC, Armco installed two deep and three shallow monitoring wells
(in addition to ten existing wells) for further collection and analysis of groundwater.
Sampling of all site wells was conducted in March and again in May, 1991. Lead and
several volatile organic compounds (VOCs) were detected.
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1.3 Scope of Risk Assessment

This risk assessment will evaluate the human health risks posed to a hypothetical future
offsite resident drinking and showering with groundwater contaminated by lead and the
volatile organic compounds detected at the North End Site.

2.0 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN
2.1 Site Geology

The North End Site is underlain by Quaternary Alluvium of the Blue River. Soil
consistency ranges from moist to saturated interbedded clayey silt and silty clay with small
amounts of fine sand in the upper soils to poorly sorted silty gravels and sand in the lower
soils sitting above bedrock. A zone of reduced permeability consisting of stiff, silty clay
lies between the two soil types. Groundwater investigation results indicate the
unconsolidated aquifer is comprised of an upper and lower zone each having slightly
different hydraulic conductivities. Sampling results (absence of VOCs in deep wells)
suggest the alluvium acts as two separate aquifers, both discharging to the Blue River.

2.2 Data Collection

Prior to the removal action, ten shallow monitoring wells (screened between 16 to 25 feet
below ground surface (bgs)) were located on the North End Site. Under the AOC, Armco
installed five additional wells; two deep wells (screened between 58 to 64 feet bgs) and
three shallow wells (screened between 8 to 13 feet bgs). Because of deep excavation for
waste removal prior to the May sampling, one well was abandoned and sealed. A
replacement well was installed in close proximity. Fifteen wells were sampled during
March and May of 1991, and the results used in this risk assessment.

2.3 Data Evaluation

All groundwater samples were analyzed for total phenolics, nitrates, total and
dissolved lead, priority pollutant VOCs, polychlorinated biphenyls, pH, specific
conductance and alkalinity. Total lead was present in detectable levels in all groundwater
samples in concentrations up to 400 ug/L (Appendix I). Dissolved lead was not detected in
any groundwater samples. The following VOCs were detected at least once in at least one
well during groundwater sampling: chlorethane, chloromethane, 1,2 dichlorobenzene,

1,1 dichloroethane, 1,2 dichloroethane, 1,1 dichloroethene, 1,2 dichloroethene,
tetrachloroethene, 1,1,1 trichloroethane, trichloroethene, and vinyl chloride (Appendix I).
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Contaminants of concern were limited to total lead and the volatile organic
compounds detected at least once during groundwater sampling (Table 1). Average
contaminant concentrations for each well were calculated from the March and May
sampling data. For contaminants of concern undetected during one sampling round, one-
half the detection limit was used to calculate average contaminant concentrations.
Contaminant concentrations for VOCs in wells from which a replicate sample had been
taken are the arithmetic average of the initial and replicate sample results. Contaminant
concentrations from all wells were combined to calculate the site mean, maximum ,
minimum , standard deviation, and 95% Upper Confidence Level (UCL) values (Table 1).

2.4 Uncertainties

During the second round of sampling, vinyl chloride was detected in only one sample; the
compound identification was certain but the concentration was an estimated value
(J-qualified, Appendix I). Chloromethane, 1,2 dichlorobenzene, and 1,2 dichloroethene
were detected during the first round of sampling but not detected during the second round
of sampling (Appendix 1). Because these compounds were included in the risk
assessment, the true risk posed by the site may be overestimated.

3.0 EXPOSURE ASSESSMENT
3.1 Current Exposure Pathways

Land use in the vicinity of the North End Site is currently industrial. Contaminated
soil was removed, precluding current or future exposure to contaminated soil. No drinking
water wells are currently located on site, thus on-site exposure through ingestion of
contaminated groundwater is not expected. Therefore, no current exposure pathways were
evaluated.

3.2 Future Exposure Pathways

The industrialized nature of the area is not expected to change, but the possibility
exists for a residential community to be established across the Blue River north of the site
(see Figure 1). For the purposes of this risk assessment, EPA has directed DOH to assume
future land use on adjacent property would be residential; i.e., land across the Blue River
from the North End Site would be used as a trailer park and drinking water would be
supplied by a community well. Exposure pathways for future residential land use were






Table 1.

Summary Statistics for Contaminants of Concern
in Groundwater at the North End Superfund Site, Kansas City, MO.

Mean Maximum Minimum 95% Upper
Concentration Value Value Standard Confidence
Contaminant (mg/L) (mg/L) (mg/L)  Deviation Limit
Total Lead 0.063 0.229 0.0095 0.055 0.0918
Chloroethane 0.017 0.170 0.005 0.041 0.0390
Chloromethane 0.007 0.025 0.005 0.005 0.00972
1,2 Dichlorobenzene 0.004 0.013 0.0025 0.003 0.00521
1,1 Dichloroethane 0.065 0.610 0.0025 0.159 0.149
1,2 Dichloroethane 0.003 0.013 0.0025 0.003 0.00481
1,1 Dichloroethene 0.039 0.340 0.0025 0.086 0.0840
1,2 Dichloroethene 0.004 0.018 0.00225 0.004 0.00580
Tetrachloroethene 0.005 0.029 0.0025 0.007 0.00855
1,1,1 Trichloroethane 0.028 0.220 0.0025 0.057 0.0578
Trichloroethene 0.004 0.013 0.0025 0.003 0.00569
Vinyl Chloride 0.008 0.035 0.005 0.008 0.0119







ingestion of contaminated drinking water and inhalation of volatilized VOCs during
showering.

The Blue River is generally considered to be a hydrologic barrier to groundwater
movement. For the purposes of this risk assessment and to ensure protectiveness of
human health, it is assumed that the community well would be large enough to pull water
across the hydrologic divide formed by the Blue River. EPA estimates that the well would
obtain 1% of its water supply from the North End Site, thus contaminant concentrations in
the community well would be 1/100th of the average concentrations beneath the North End
site (Table 2).

3.3 Reasonable Maximim Exposures (RMEs)

For the future land use scenario, two RMEs were developed by EPA using site
specific assumptions. RME 1 was a 15-kilogram child, 0-6 years of age, living in the
trailer park for 6 years, ingesting and showering with contaminated groundwater. RME 2
was a 70-kilogram adult living in the trailer park for thirty years ingesting contaminated
groundwater and inhaling volatilized VOCs while showering.

3.4 Calculation of Air Concentrations

Contaminant concentrations in air (mg/m3) while showering (Table 3) were
calculated from groundwater concentrations (mg/L) using the following formula:

Concentration in Air= ntraton in W, i how latilizationF

(Room Volume)

This formula was modified from ECAO (1991). In these calculations, the values 180 liters
and 10 m3, respectively, were used as site-specific estimates of the number of liters per
shower and the room volume. A value of 0.5 (0.0005 x 1000 L/m3) was used as the
volatilization factor (EPA 1991¢).

3.5 Estimation of Chemical Intakes

Intake rates for all contaminants were quantified using the pathway-specific
equations (Tables 4 and 5) taken from EPA (1989) Risk Assessment Guidance for
Superfund: Volume I (RAGS). Exposure variables used in the equations were chosen by
EPA personnel so that the combination of all intake variables resulted in a RME for each
contaminant within a pathway (Appendix II).






Table 2.

Calculated Concentrations
of Contaminants of Concern in a Hypothetical Future Drinking Water
Well, North End Superfund Site, Kansas City, MO.

Assumed
Percentage of Calculated
Contaminated Concentration

95% Upper Water Entering in Community
Confidence the Community Well Water

Contaminant Limit (mg/L) Well (mg/L)
Total Lead 9.18 x 10-2 1x10-2 9.18 x 104
Chloroethane 3.90 x 10-2 1x102 3.90 x 104
Chloromethane 9.72 x 10-3 1x102 9.72x 105
1,2 Dichlorobenzene 5.21x 10-3 1x10-2 5.21 x 10-5
1,1 Dichloroethane 1.49 x 101 1x102 1.49 x 10-3
1,2 Dichloroethane 4.81 x 10-3 1x102 481 x 10-5
1,1 Dichloroethene 8.40 x 102 1x102 8.40 x 104
1,2 Dichloroethene 5.80x 10-3 1x10-2 5.80 x 10-5
Tetrachloroethene 8.55x 10-3 1x102 8.55 x 10-5
1,1,1 Trichloroethane 5.78 x 10-2 1x 102 5.78 x 104
Trichloroethene 5.69 x 10-3 1x10-2 5.69 x 10-5

Vinyl Chloride 1.19 x 10-2 1x10-2 1.19x 104







Table 3.

Calculated Concentrations of
Volatile Compounds in Air While Showering
North End Superfund Site, Kansas City, MO.

Contaminant
Liters of Concentration Contaminant
Size of Water Used in Concentration
Bathroom Per Shower Groundwater in Air
Contaminant (m3) (L) (mg/L) Volatility (mg/m3)
Chloroethane 10 180 0.00039 0.5 0.00351
Chloromethane 10 180 0.0000972 0.5 0.0008748
1,2 Dichlorobenzene 10 180 0.0000521 0.5 0.0004689
1,1 Dichloroethane 10 180 0.00149 0.5 0.01341
1,2 Dichloroethane 10 180 0.0000481 0.5 0.0004329
1,1 Dichloroethene 10 180 0.00084 0.5 0.00756
1,2 Dichloroethene 10 180 0.000058 0.5 0.000522
Tetrachloroethene 10 180 0.0000855 0.5 0.0007695
1,1,1 Trichloroethane 10 180 0.000578 0.5 0.005202
Trichloroethene 10 180 0.0000569 0.5 0.0005121
Vinyl Chloride 10 180 0.000116 0.5 0.001044







Table 4.

Intake Equations for Ingestion of Contaminated Groundwater
North End Superfund Site, Kansas City, MO.*

Equation:
Chronic Daily Intake (mg/kg/day)=CW x IR x EF x ED / (BW x AT)
Where:

CW=Chemical Concentration in Groundwater (mg/L)
=Ingestion Rate (L water/day)

EF=Exposure Frequency (days/year)

ED=Exposure Duration (years)

BW=Body Weight (kg)

AT=Averaging Time (days)

Variable values:

CS=site specific calculated value (Table 2)

IR=1 L/day - child
2 L/day - adult (EPA 1990)

EF=365 days/year (number of days in a year)

ED=6 years - child
30 years - adult

BW=15 kg (arithmetic mean of 50th percentile body weights of children aged
0-6 years)
70 kg - adult (EPA 1990)

AT=2190 days for child - noncarcinogenic effects (ED x 365 days/year)
10950 days for adult - noncarcinogenic effects (ED x 365 days/year)
25550 days for child and adult carcinogenic effects (70 years x 365 days/year)

*Formula was obtained from EPA 1989






Table S§.

Inhalation of Volatized Compounds While Showering
North End Superfund Site, Kansas City, MO.*

Equation:
Chronic Daily Intake (mg/kg/day)=CA x IR x ET x EF x ED / (BW x AT)
Where:

CA=Chemical Concentration in air (mg/m3)
IR=Inhalation Rate (m3/hr)

ET=Exposure Time (hours/day)
EF=Exposure Frequency (days/year)
ED=Exposure Duration (years)

BW=Body Weight (kg)

AT=Averaging Time (days)

Variable values:

CA=calculated chemical concentration (Table 3)

IR=0.83 m3/hour (EPA 1990)

ET=0.25 hour/day (site specific estimate)

EF=365 days/year (assumes one shower per day)

ED=6 years - child
30 years - adult

BW=15 kg (arithmetic mean of 50th percentile body weights of children aged
0-6 years)
70 kg - adult (EPA 1990)

AT=2190 days for child - noncarcinogenic effects (ED x 365 days/year)
10950 days for adult - noncarcinogenic effects (ED x 365 days/year)
25550 days for child and adult carcinogenic effects (70 years x 365 days/year)

*Formula was obtained from EPA 1989
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The Lead Biokinetic Uptake Model was used to estimate intake of lead from
groundwater. The model was run using a groundwater concentration of 0.918 ug/L with
default values for soil, air, food and paint.

4.0 TOXICITY ASSESSMENT
4.1 Noncarcinogenic Effects

Reference Doses (RfDs)and Reference Concentrations (RfCs) are the toxicity
values used in assessing noncarcinogenic effects from oral and inhalation exposure,
respectively. EPA's Integrated Risk Information System (IRIS) contains contaminant
specific RfD and RfC values which have been verified by an intra-Agency work group.
RfD and RfC values which have not been verified may be found in EPA Health Effects
Assessment Summary Tables (HEAST, EPA 1991b). Available toxicity values and effects
of concern associated with exposure to specific contaminants are summarized in Table 6.

Unit Risks were converted to RfCs using the formula taken from the preface to
HEAST, 1991 Annual Volume (EPA 1991). The formula is as follows:

RfC = (Unit Risk) (Inhalation Rate) (Body Weight)
where Inhalation Rate = 0.83 m3/hour and Body Weight = 15 kg. (child) or 70 kg. (adult).

Currently, there are no toxicity values for lead in IRIS or HEAST (EPA 1991b).
Lead intake affects virtually every system in the body. Among the most serious effects of
lead exposure are the central nervous system effects seen in young children. These effects
range from impaired learning ability and a decrease in IQ scores to brain damage. Other
effects are a decrease in growth of children, a decrease in hearing acuity and adverse effects
on the kidneys and hematopoetic systems (CDC 1991). To assess the adverse health
effects of lead exposure, EPA currently advises use of the Lead Biokinetic Uptake Model.
This model combines intake variables from several potential lead exposure pathways and
predicts blood lead levels for children. Predicted blood lead levels greater than 10 ug/dL
are considered to present a health hazard.






Table 6.

Noncarcinogenic Toxicity Information
for Chemicals of Concern at the
North End Superfund Site, Kansas City, MO.*

Oral Inhalation
Reference Reference
Dose Dose Effects of Concern
Compound (mg/kg/day) (mg/kg/day) (oral; inhalation)
Chronic Exposures
Chloroethane ND 1x101 NA; developmental toxicity
1,2 Dichlorobenzene 9x 10-2 4x 102 Liver effects; decreased body
weight gain
1,1 Dichloroethane 1x10-1 1x101 NA; kidney damage
1,1 Dichloroethene 9x 10-3 ND Liver lesions; NA
1,2 Dichloroethene 1x102 ND Decreased hematocrit and
hemoglobin; NA
Tetrachloroethene 1x10-2 ND Hepatotoxicity; NA
1,1,1 Trichloroethane 9x 102 3x 101 Hepatotoxicity, hepatotoxicity
Trichloroethene** 6x10-3 ND Kidney and liver effects; NA
Subchronic Exposures
Chloroethane ND 1x101 NA,; developmental toxicity
1,2 Dichlorobenzene 9x 10-1 4x 101 Liver effects; decreased body
weight gain
1,1 Dichloroethane 1x 100 1x100  NA;kidney damage
1,1 Dichloroethene 9x 10-3 ND Liver lesions; NA
1,2 Dichloroethene 1x101 ND Decreased hematocrit and
hemoglobin; NA
Tetrachloroethene 1x101 ND Hepatotoxicity; NA
1,1,1 Trichloroethane 9x 10-1 3x100 Hepatotoxicity, hepatotoxicity
Trichloroethene** 6x 10-3 ND Kidney and liver effects; NA

* All toxicity values were taken from the 1991 Annual
Volume of the Health Effects Assessment Summary Tables,
except for the Chronic Reference Dose for
Tetrachloroethene. That value was taken from the Integrated
Risk Information System Database.

**Toxicity Information provided by the Environmental
Criteria and Assessment Office (Appendix IIT).

(2






4.2 Carcinogenic Effects

Slope factors found in IRIS and HEAST are used to assess carcinogenic effects for
specific contaminants. A Slope factor is a plausible upper-bound estimate of the probability
of a response per unit intake of a chemical expressed over a lifetime. Slope factors for the
specific contaminants, weight of evidence classifications for carcinogenicity, and site of
tumor data are summarized in Table 7.

5.0 RISK CHARACTERIZATION
5.1 Noncarcinogenic Risk

Noncancer hazard quotients are calculated for each contaminant in each pathway by
dividing the Chronic Daily Intake (CDI) by the RfD. The noncancer hazard quotients
within an exposure pathway are summed to give the pathway hazard index. The Total
Hazard Index is then calculated by summing the pathway hazard indices. According to
RAGS (EPA 1989), human health risks may exist when the Total Hazard Index exceeds
unity (1.0).

5.1.1 RME 1

The pathway hazard indices for ingestion of contaminated drinking water and
inhalation of volatilized VOCS during showering were 3.1 x 10-4 and 2.4 x 10-5,
respectively. Chemicals which drove the risk assessment were 1,1 dichloroethene for
ingestion of contaminated drinking water and 1,1 dichloroethane for inhalation of
volatilized VOCs. Total Hazard Index calculated for RME 1 was 3.3 x 104 (Table 8).
Because this is less than 1.0, potential health risks are not indicated for a child living across
the Blue River from the North End Site, ingesting 1 liter of contaminated drinking water
per day and inhaling volatilized VOCs 0.25 hours per day, 365 days per year for 6 years.

The Lead Biokinetic Uptake Model was used to predict blood lead levels of a child
living in the trailer park across from the North End Site. Groundwater concentrations of
0.918 ug/L were used in the intake calculations. Blood lead levels between 2.77 and 3.21
ug/dL were predicted by the model. Because these values are well below 10 ug/dL,
predicted lead concentrations in groundwater are not expected to cause adverse health
effects to a child living across the Blue River from the North End Site.






Table 7.
Carcinogenic Toxicity Values for

Chemicals of Concern Found at the
North End Superfund Site, Kansas City, MO.*

Weight of Evidence

Oral Slope Inhalation Classification and
Factor Slope Factor Tumor Site

Contaminant (mg/kg/day)-1 (mg/kg/day)-1 (oral; inhalation)
Chloromethane 1.3x 102 6.0 x 10-3 C - Kidney; kidney
1,1 Dichloroethane ND ND C - NA; hemangiosarcoma
1,2 Dichloroethane 9.1 x10-2 9.1 x10-2 B2 - Circulatory; circulatory
1,1 Dichloroethene 6.0 x 10-1 12x100  C-Kidney; adrenal
Trichloroethene 1.1 x 10-2 1.7x10-2  B2-Lung; liver
Vinyl chloride 1.9x100 2.9 x 10-1 A - Liver; lung

* All slope factors except for cholormethane and
trichloroethene were obtained from the Integrated Risk
Information System database. Slope Factors for
cholormethane and trichloroethene were obtained from the
1991 Annual Volume of the Health Effects Assessment
Summary Tables.






p-01 X €°¢ Xapuy pJezeq [ej0]
s-01 x ¥'C 9-0I X6'C 001 xX¢ -0l X¥'L 8LS000°0 QueYISOIOYILY, T°1°1
s0IX61 001 X1 0L X61 6v100°0 AUBYI0IOYII [T
90l X L1 1-01 X¥ L01X99 17500000 SUIZUQOIOTYOL] 7°]
LOLXQs 101 X1 9-01 X0'¢ 6£000°0 SUBI20I0[YD)
Xapuy pJezey xapuj paezey (Aep;3y/3w) (Aep;3y/3w) (cwr/dwr) [edxway)
femyieq DJd ayeug UOIJRIIUIIUO))

Areq swoay)

‘potadd 183K 9 ® 1340 plIYd 3Y ST © Aq Burrdmoys 3uranp spunodwod pIziyyeloa Jo uoneRYUl ABMY}EJ

p-01 X T't s0l X6'1 ¢-01 X9 L0 XTI 6950000°0 QUAS0IOYOLL],
901 X €1 10l X6 9-01 XTI 8LS000°0 auBYISOIOTYIL], 1°1°]
0L X L1 -0l X1 LOLXLT €$80000°0 SU3IA0IOTYIRDIL,
9-01 X T'I 1-0I X LOT X 850000°0 QUIPACIONYILT Z'1
01 X6'1 ¢-0l X6 9-01 X L'T ¥8000°0 suayisoIoyI( [T
s0I XT6 001 X1 01 XT6 6¥100°0 SueRACIOTYII( 11
9-01 X 9°¢ 1-01 X6 901 XT'€¢ 1250000°0 3USZUIGOIONYII ']

xopu] paezeH xapuj pJiezey (Aep/3j/Sw) (Kep/Sy/Bu) (7/3w) [eaway)
Kemyjeq @A ayeug UOI}BIJUIIUO))

Aireq drwoay)

‘poradd Jeaf 9 B J3A0 plIYd 3Y ST © Aq JIjem Suijurip pajeurwieiuod jo uonsaduy :Aemyjed

OIN ‘A1) sesury ‘31§ punjiadng puy YjlaoN
I AINY 10j San[eA xapuj paezey

‘8 dlqeL






5.1.2 RME 2

The pathway hazard indices for ingestion of contaminated drinking water and
inhalation of volatilized VOCS during showering were 4.0 x 10-3 and 5.4 x 10-5,
respectively. Chemicals which drove the risk assessment were 1,1 dichloroethene for
ingestion of contaminated drinking water and 1,1 dichloroethane for inhalation of
volatilized VOCs. Total Hazard Index calculated for RME 2 was 4.0 x 10-3 (Table 9).
Because this is less than 1.0, potential health risks are not indicated for an adult living
across the Blue River from the North End Site, ingesting 2 liters of contaminated drinking
water per day and inhaling volatilized VOCs 0.25 hours per day, 365 days per year for 30
years.

The Lead Biokinetic Uptake Model was used to predict blood lead levels of an adult
living in the trailer park across from the North End Site. Groundwater concentrations of
0.918 ug/L were used in the intake calculations. Blood lead levels between 2.77 and 3.21
ug/dL were predicted by the model. Because these values are well below10 ug/dL,
predicted lead concentrations in groundwater are not expected to cause adverse health
effects to an adult living across the Blue River from the North End Site.

5.2 Carcinogenic Risk

Lifetime excess cancer risks are calculated for each contaminant in each pathway by
multiplying the slope factor by the Chronic Daily Intake (CDI). Within a pathway, the
chemical specific risks are summed to give the total pathway risk. The Total Lifetime
Excess Cancer Risk is then determined by summing the total pathway risks. According to
RAGS (EPA 1989), a cancer risk may exist when the Total Lifetime Excess Cancer Risk
exceeds the 1 x 104to 1 x 10-6 range.

5.2.1 RME 1

Pathway cancer risks for ingestion of contaminated drinking water and inhalation of
volatilized VOCs during showering were 4.2 x 10-6 and 1.2 x 106, respectively. The
chemical which drove the risk assessment was 1,1 dichloroethene for ingestion of
contaminated drinking water and inhalation of volatilized VOCs. Total Excess Lifetime
Cancer Risk calculated for RME 1 was 5.4 x 10-6 (Table 10). Although the lower end of
the range of acceptable cancer risk has been exceeded, the predicted excess lifetime cancer
risk is still well below the upper end of the acceptable range for a child living across the
Blue River from the North End Site, ingesting 1 liter of contaminated drinking water per
day and inhaling volatilized VOCs 0.25 hours per day, 365 days per year for 6 years.






€-01 X 0 X3puj plezeq [ejo],
§-01 X ¢S 9-01 X LS -0l X¢ 9-0l X L'T 8LS000°0 SURIN0IONYOML], T°1°1
0T Xy ISURS 0L X ¥y 6v100°0 QUBRAAIOTYII(T T°1
9-01 X 8¢ 0L Xv AU RS 1260000°0 3UZUIqOIOTYANA T°1
RUR YA 101 X1 9-01 XTI 6£000°0 QUBYI0IONY))
X3pu] pJezey xapu] piezey (Aep/3y/3w) (Aep/3y/Sw) (¢w/3w) [ediway)
femyyeq DA ayejug uoeIIUIdIU0))

Apreq dtuoay)

"‘pourad JBaL (¢ ® J3A0 Jnpe 3y (L ¥ Aq Sursdmoys Ijiym spunoduiod PIZIIBIOA JO UOIIB[BYU ‘Aemyyeq

€01 X 0'p 01 X LT 01 X9 901 X9'] 6950000°0 uaYIa0I0YOLL L,
yOl X 8'1 01 X6 sOLX9'T 8L5000°0 QUBISOIONYILLL, ']
y01 X 4T 01 X1 901 X 4T $$80000°0 UAPI0IONYIRAFL,
p-01 X9' 01 X1 90l X9’ 85000070 QUAI0IOMYII T
€01 X LT ¢-01 X6 01 Xv'T 80000 auayreQIoTYI( 1°]
y0L X T 101 X1 s0LXTY 6v100°0 UBAQIONYII [T
sOLX L] 701 %6 901 X§'T 125000070 USZUIGOIOTYIL(T T°]

X3pu] piezey xapu] prezey (Aep/3y/Sw) (Kep/Sy/Sw) (7/3w) [ed1way)
Lemyjey Qi ayeug uoIjBIuUIIUG))

Aneq@ duoJy)

"Poliad Jeaf (¢ B 1340 Jnpe 8y (L B £q J9jem Supyulp pajeunueiuod Jo uonsaduy :Aemyjeq

'O “An) sesuey ‘ag punyradng pug ylsoN
7 JAINY 10 San[BA Xapuj pJezey

‘6 2lq8L

\ T






9-01 X p°'S ASIY JIdUB) IWNIYIT SSIOIXY

9-01 XTI g-0l X0v 1-01 X6'C LOL X1 9110000 spuoy) [AuUIA
601 X O' 01X L' g-01 X L9 6950000°0 SUSIA0IOTYILLL
901 XTI 001 X710 9-01 x0T 80000 SUAIdCIOMIN( [T
601 XT°¢ 701 XT1'6 801 X LS 18%0000°0 aueYIL0IONYIIJ T 1
01-01 X9°L €01 X¢9 LOL XTI ¢L60000°0 AURPAWAIONY))

ASIY J3oue)  ysiy Jdue) [-(Aep/SyBu)  (Lep/3y/Su) (cw/Sw) ey )

Asmyyeg J0y084 adolg e UOI)BIIUIIUO))

Ajreq dwoay)

*polIdd aeak 9 € 19a0 piiyd 3y ST € £q Surramoys Sutinp spunodwiod pazyjejoa uoneeyu] :Aemyieq

9-01 X T'¥ 90l XTI 001 X6'1 LT X L9 9110000 spuory) 1AuTA

6-01 X9'¢ ARSI L0 XT¢ 6950000°0 QUIARICIOTYOU ],

9-01 X 6C 1-01 X009 901 X8 ¥8000°0 QUIYIRIOTYII( T°T

8-01 X 6T 0L XT6 L01X LT 18v0000°0 SUBLRIIOIOMIL T'Y

601 XTL 01 X¢el L01X¢¢ 7L60000°0 SURIWAION))

YSIY J0uUe)  ysiy Jdue) [-(Aep/dyBw) (Kep/3y/Fu) (7/8w) [ediway))
Aemyjeq 1038, adols ayeIu uoRIIUIIUG))

Apreq@ druoayy

"polsad Jeak 9 e 1340 piIYd> 3y ST B £q JajeM JuruIp PIjRUNEBIUOD Jo uonsaduy :Aemiyyeq

'O ‘431D sesuey] ‘9IS punyradng puy yjaoN
T JINY 40§ SYSIY JIDOUB)) dWIIIJIT SSIIXF

‘01 dlqeL






522 RME2

Pathway cancer risks for ingestion of contaminated drinking water and inhalation of
volatilized VOCs during showering were 9.0 x 10-6 and 3.2 x 10-5, respectively. The
chemical which drove the risk assessment was 1,1 dichloroethene for ingestion of
contaminated drinking water and inhalation of volatilized VOCs. Total Excess Lifetime
Cancer Risk calculated for RME 2 was 4.1 x 10-5 (Table 11). Although the lower end of
the range of acceptable cancer risks has been exceeded, the predicted excess lifetime cancer
risk is still well below the upper end of the acceptable range for an adult living across the
Blue River from the North End Site, ingesting 2 liters of contaminated drinking water per
day and inhaling volatilized VOCs 0.25 hours per day, 365 days per year for 30 years.

5.3 Uncertainties

Several areas of uncertainty are inherent in the risk assessment process. Most
intake variables used are 95% upper confidence limits of the mean variable value. This
may overestimate the true risk posed by the site. Many RfDs, RfCs and SFs are based on
toxicity tests carried out on animals. It is not known if results of these tests are applicable
to humans.

The Lead Biokinetic Uptake Model used to predict blood lead levels was developed
for children aged 0-6 years, the ages at which effects from lead exposure are most
dramatic. Effects of lead exposure are less prominent in older children and adults, thus the
risk for adults from ingesting lead at the North End Site is probably lower than estimated in
this assessment.

Four contaminants of concern undetected during the second round of sampling
were retained in this risk assessment based upon an assumption that mixing will occur
during movement of groundwater. This assumption may over- or underestimate the true
risk posed by the site.

6.0 SUMMARY

The North End Site was used as a landfill for the burial of lead-contaminated
wastes. A soil removal action was completed and groundwater monitoring wells installed.
Total lead and some VOCs were detected in groundwater under the site. EPA directed
DOH to assess the risks posed to a hypothetical future offsite resident ingesting
contaminated drinking water and inhaling volatilized VOCs while showering.
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Two RMEs were considered for future land use: a child (RME 1) and an adult
(RME 2) ingesting contaminated drinking water and inhaling volatilized VOCs while
showering. There were no noncarcinogenic risks posed to a child or adult ingesting
contaminated groundwater or inhaling volatilized VOCs while showering. Pathway cancer
risks ranged from 1.2 x 106 to 3.2 x 10-5. While these estimates exceed the lower end of
the acceptable cancer risk range (1 x 10-6), they are still below the upper end of the
acceptable range (1 x 10-4).

The Lead Biokinetic Uptake model predicted Blood Lead Levels ranging from 2.77
to 3.21 ug/dL.. Because these levels do not exceed 10 ug/dL., a health hazard is not
considered to exist from ingestion of contaminated drinking water across the Blue River
from the North End Site.

U
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APPENDIX 1
Summary of Groundwater Sampling Results
from the North End Site







RESULTS OF GROUND—WATER AN
7 13,1

M2

TABLE 4

1 y

ALYSES
) .’.’/“'[
%

WATER LEVEL fr-msl 733.85 736.66 733.16 733.86 736.60
GENERAL CHEMISTRY
pH s.u. 6.4 7.1 6.1 6.5 7.0
SPECIFIC CONDUCTANCE pmho/cm 1500 740 3100 | 850 540
ACIDITY AS CaCoO3 mg/1 <1.0 16 1.5 <1.0 <1.0
ALRKALINITY AS CaCoO3 mg/1 470 430 240 300 280
NITRATES AS NO3-N mg/1 0.29 0.11 0.24 0.30 0.13
PHENOLICS mg/1 <0.005 <0.005 0.009 0.008 0.006
TOTAL LEAD mg/1 0.058 0.024 0.049 0.063 0.010
DISSOLVED LEAD mg/1 <0.003 <0.003 <0.003 | <0.0037] ™ <0. 0073 |
POLYCHLORINATED BIPHENYL pg/l <1.0 <1.0 <1.0 <1.0 <1.0
VOLATILE ORGANIC COMPOUNDS
ACROLEIN ng/1 <50 <50 <50 <125 <50
ACRYLONITRILE ug/1 <50 <50 <50 <125 <50
BENZENE ng/l <5 <5 s €12 <5
BROMODICHLOROMETHANE ng/l <5 <5 <5 <12 s
BROMOFORM ng/1 <5 <5 <5 <12 <5
BROMOMETHANE pg/1 <10 <10 <10 <25 <10
CARBON TETRACKLORIDE ng/1 <5 s <5 <12 <5
CHLOROBENZENE rg/l <5 | <5 <5 <12 <5
CHLOROETHANE pg/l 1160 | <10 <10 <25 <10
2-CHLOROETHYLVINYL ETHER pna/1 210 TT IO <25 <10
CELOROFOR¥ ng/1 <5 <5 <5 12 <5
CHLORCMETHANE ng/1 <10 <10 <10 <25 <10
DIBROMOCHLOROMETHANE ng/1 <5 <5 <5 <12 <5
1,2-DICHLOROBENZENE ng/1 <5 ¢S <5 <12 5
1,3-DICHLOROBENZENE ng/1 <5 <5 <5 12 <5
1,4-DICHLOROBENZENE ng/1 <5 <5 <5 <12- <5
1,1-DICHLOROETHANE Cpg/1 | 200 <s| 8 (35 ¢s
1,2-DICHLOROETHANE ng/1 =5 | <5 <5 <12 <3
1,1-DICHLOROETHENE ng/1l 299 <5 | . _._.«5)___ 22707 <5
1, 2-DICELOROETHENE ug/2 2/ <5 ¢s | % > <5
1,2-DICELOROPROPANE pg/1 &5 <5 <5 {12 <5
cis-1,3-DICHLOROPROPANE pg/l <5 <5 s 12 <5
trans-1,3-DICHLOROPROPANE ng/l (5 <5 <5 <12 <5
ETHYLBENZENE ' ng/1 <5 <5 <5 <12 <5
METHYLENE CHLORIDE ng/1 <10 <10 <10 <25 <10
1,1,2,2-TETRACHLOROETHANE ug/1 <5 <5 <5 <12 | <5
TETRACHLOROETHENE ng/1 <5 <5 <5 &Y <5
TOLUENE ng/1 <5 ] <5 <5 <12 5
1,1,2-TRICHLOROETHANE ng/l 38 ] <5 ¢S “767 | ¢S
1,1,2-TRICELOROETHANE ng/1 TS T s 17 <5
TRICELOROETHENE rg/1 <5 <5 <5 <12 <5
TRICELOROFLOUROMETHANE ng/1 <5 | <5 <5 <12 <5
VINYL CHELORIDE pg/l ;3‘" <10 <1o/ 16 <10
{_TOTAL VOCs pg/1 452 0 8 400 0







TABLE 4 PAGE 2

(CONTINUED)
WATER LEVEL ft-msl 734.69 739.36 743.69 743.91 |REPLICATE
GENERAL CHEMISTRY -
pH s.u. 6.2 6.6 6.0 6.3 6.4
SPECIFIC CONDUCTANCE umho/cm 600 2900 1600 360 950
ACIDITY AS CaCoO3 mg/1 <1.0 <1.0 <1.0 - <1.0 <1.0
ALKALINITY AS CaCO03 mg/1 140 450 110 140 140
NITRATES AS NO3-N mg/1 0.16 1.00 0.18 0.19 0.21
PHENOLICS mg/1 0.007 0.006.4 0.006 <0.005 <0.005
TOTAL LEAD lL_mg/1 0.011 0.058 | 0.026 | 0.015 0.028 |
DISSOLVED LEAD mg/1 <0.003 0.020 <0.003 [ <0.003 | 7X0.003 T —
POLYCHLORINATED BIPHENYL ng/1l <1.0 <1.0 <1.0 <1.0 <1.0
VOLATILE ORGANIC COMPOUNDS
ACROLEIN ng/l <50 <50 <50 <50 <50
ACRYLONITRILE ng/1 <50 <50 <50 <50 <50
BENZENE ng/1 <5 <5 <5 <5 <5
BROMODICHLOROMETHANE ng/1 <5 <s <5 <5 <5
BROMOFORM ng/1 <5 <5 <5 <5 <5
BROMOMETHANE ug/1 <10 <10 <10 <10 <10
CARBON TETRACHLORIDE ng/l <5 <5 <5 <5 <5
CHLOROBENZENE ng/1 <5 <5 <5 <5 <5
CHLOROETHANE ng/l <10 <10 <10 <10 <10
2-CHLOROETHYLVINYL ETHER ng/1 <10 <10 <10 <10 <10
CHLOROFORM pg/l <5 | <5 <5 <5 <5
CHLOROMETHANE ug/1 20 | - <10 | <10 | _ . <10 _ <10
DIBROMOCHLOROMETHANE =~ 7 | Tpg/1 s T <5 <5 <5
1,2-DICHLOROBENZENE pg/1 <5 <5 <5 <5 <5
1,3-DICHLOROBENZENE ng/1 <5 <5 <5 <5 <5
1,4-DICHLOROBENZENE pg/l <5 1 <5 <5 <5 <5
1,1-DICHLOROETHANE pg/1 - S 7) <5 ¢s ¢s
1,2-DICHLOROETHANE ng/1 <5 s <5 <5 <5
1,1-DICHLOROETHENE ng/l | 20 |° 5] <5 <5 <5
1, 2-DICHLOROETHENE [ ng/1 s | T[T s <5 <5
1,2-DICHLOROPROPANE ng/1 <5 <5 s <5 <5
cis-1,3-DICHLOROPROPANE ng/1 <5 5 ¢S <5 <5
trans-1,3-DICHELORCPROPANE ng/l <5 5 <5 <5 <5
ETHYLBENZENE ng/1 <5 <5 <5 <5 <5
METHYLENE CHLORIDE ng/1 <10 <10 <10 <10 <10
1,1,2,2-TETRACHLORCETHANE pg/l <5_ <5 <5 <5 <5
TETRACHLOROETHENE ng/1 28 <5 <5 <5 <5
TOLUENE O TRe/TT TR T 48, <5 <5 <5
1,1,1-TRICHLOROETHANE pg/) | 37 JEL/AN <5 <s ¢S
1, T, Z-TRICKLOROETHANE | pg/1 <51 ~¢5 <5 <5 <5
TRICHLOROETHENE ng/l 3 <5 <5 <5 <5
TRICHLOROFLOURCMETHANE =~ ST~ S - <5 <5 <5 <5
VINYL CHLORIDE ng/1 <10 <10 <10 <10 <10
% / / /
L TOTAL VOCs pg/l 217 52 0 o] o







TABLE 4 PAGE 3

(CONTINUED)

WATER LEVEL ft-msl 746.43 738,31 743.91 732.83 733.08

|GENERAL CHEMISTRY
pH s.u. 6.3 6.9 6.2 5.9 6.6
SPECIFIC CONDUCTANCE pmho/cm 910 940 510 2900 960
ACIDITY AS CacCo03 mg/1 <1.0 <1.0 <1.0 { 8 <1.0
ALKALINITY AS CaCoO3 mg/1 83 460 68 | 170 200
NITRATES AS NO3-N mg/1 1.30 0.17 <0.10 0.44 0.26
PHENOLICS mg/1 <0.005 <0.005 <0.005 <0.005 } <0.005
TOTAL LEAD mg/1 __ 0.009 0.083 0.015 | 0.066 0.030
DISSOLVED LEAD mg/1 <0.003 <0.003 <0.003 <0.003 <0.003
POLYCHLORINATED BIPHENYL nag/l <1.0 <1.0 <1.0 <1.0 <1.0

VOLATILE ORGANIC COMPOUNDS
ACROLEIN ng/1 <50 <50 <50 <250 <50
ACRYLONITRILE ng/l <50 <50 <50 <250 <50
BENZENE ng/l <5 <5 <5 <25 <5
BROMODICHLOROMETHANE ng/l <5 <5 <5 <25 <5
BROMOFORM ng/1 <5 <5 <5 <25 <5
BROMOMETHANE ng/l <10 <10 <10 <50 <10
CARBON TETRACHLORIDE ng/l <5 <5 <5 <25 <5
CHLOROBENZENE ug/1 <5 <5 <5 <25 <5
CHLOROETHANE _ rg/1 <10 <10 <10 | /37 <10
2-CHLOROETHYLVINYL ETHER ng/1 ESTLEN 10| <10 X50 <10
CHLOROFORM ng/1 <5 <5 <5 <25 <5
CHLOROMETHANE ng/l <ioe <10 <10 <50 <10
DIBROMOCHLOROMETHANE ng/1l <5 <5 <5 <25 <5
1,2-DICHLOROBENZENE | wpg/l | (5 <5 - <25 | <5
1,3-DICHLOROBENZENE pg/1 <5 <5 <5 <25 | <5
1,4-DICHLOROBENZENE ug/1l <5 <5 <5 <25 <5
1,1-DICHLOROETHANE | pg/l_ | <5 85 ¢5] /580 '8
1,2~-DICHLOROETHANE pg/l <5 <5 <5 - <25, <5
1,1-DICELCROETHENE  _ __ | wg/1 | _.__«5 SR 4T R §- 1 WA - 4 <5_
1,2-DICHLOROETHENE 1 wng/1 <5 ] <5 23723 ) <5
172-DICKLOROPROPANE ~ 7 7| " Tug/1 T T s T T s <5 |7 TR2s 7T Ty
cis-1,3-DICELOROPROPANE ng/1 <5 <5 <5 <25 <5
trans-1,3-DICHLOROPROPANE ng/1 <5 <5 <5 <25 <5
ETHYLBENZENE ng/l <5 <5 <5 25 <5
METHYLENE CHLORIDE ng/l <10 <10 <10 <50 <10
1,1,2,2-TETRACHLOROETHANE rg/1 <5 <5 <5 <25 <5
TETRACHLOROETHENE ng/l 5 <5 <5 <25 <5
TOLUENE rg/l <5 <5 ¢S <25 <5
1,1,1-TRICELORCETHANE ng/l <5 <5 <5 <210 <5
1,1,2-TRICHLOROETHANE pg/1 <5 <5 ~—;§§:—"—z:1§3~-««m~—<§~-»
TRICHLOROETHENE ug/l | <5 <5 13 <25 <5
TRICHLCROFLOUROMETHANE ng/l ' <5 5 s 2377 TTTRs
VINYL CHLORIDE rg/l <10 <1Of <10 34 <10/]

v -
L TOTAL VOCs rg/l 0 0 31 967 8







WATER LEVEL

GENERAL CHEMISTRY
PH
SPECIFIC CONDUCTANCE
ACIDITY AS CaCo03
ALKALINITY AS CacCoO3
NITRATES AS NO3-N
PHENOLICS
TOTAL LEAD
DISSOLVED LEAD
POLYCHLORINATED BIPHENYL

VOLATILE ORGANIC COMPOUNDS
ACROLEIN
ACRYLONITRILE
BENZENE
BROMODICHLOROMETHANE
BROMOFORM
BROMOMETHANE
CARBON TETRACHLORIDE
CHLOROBENZENE
CHLOROETHANE
2-CHLOROETHYLVINYL ETHER
CHLOROFORM
CHLOROMETHANE
DIBROMOCHLOROMETHANE
1,2-DICHLOROBENZENE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
1,1-DICHLOROETHANE
1,2-DICHLOROETHANE
1,1-DICELOROETHENE
1, 2-DICHLOROETHENE
1, 2-BDICALOROPROPANE
cis-1,3-DICHLOROPROPANE
trans-1,3-DICHLOROPROPANE
ETHYLBENZENE
METHYLENE CHLORIDE
1,1,2,2-TETRACELOROETHANE
TETRACELOROETHENE
TOLUENE
1,1,1-TRICHLOROETHANE
1,1,2-TRICHLOROETHANE
TRICHLOROETHENE
TRICHLOROFLOUROMETHANE
VINYL CELORIDE

LgﬁTOTAL VOCs

TABLE 4
(CONTINUED)
ft-msl 733.47 |REPLICATE BLANK
s.u. 6.6 6.6
wmho/cm 1600 100
mg/l <1.0 11.
mg/1 680 7.8 ]
mg/1 0.43 0.16
mg/1l <0.005 <0.005
mg/1 0.100 <0.003
mg/1l <0.003 <0.003
ng/1 <1.0 <1.0
ng/l <50 <50
ng/1 <50 <50
ug/1 <5 <5
ng/l <5 (5
ng/l <5 <5
ng/l <10 <10
ng/l <5 <5
ng/1l <5 <5
ng/l <10 <10
ug/1 <10 <10
ug/1l <5 <5
pg/l <10 <10
g/l <5 <5
pg/l <5 <5
rg/l <5 <5
ng/1 Iﬁi\ $5~
ug/1 -120 120
‘pg/l Ty T
ng/1 < 5 <5
ug/1 X (9'
“pa/1 ~5 <5
ng/1 <5 <5
ng/l <5 <5
ng/1 <5 <5
ng/1 <10 <10
ng/l <5 <5
ug/1 {5 <5
ug/1l <5 <5
ng/l1 <5 <5
pg/l <5 <5
Hg/l <5 <5
ng/1
rg/1 /%; f?%
SR R IR —
ng/l1 137 139

{50
<50
<5
<S5
<5
<10
<5
<5
<10
<10
<5
<10
<5
<5
5
<5
<5

Y

<5
<5
<5
5
<5
<5
<10
<5
<5
<5
<5
<5
<5
<5
<10
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TABLE 5

RESULTS OF GROUND WATER ANALYSES

MAY 3,1991

WATER LEVEL ft-msl 734.68 737.61 734.92 737.21

GENERAL CHEMISTRY
pH s.u. 6.4 6.8 6.0 | 6.6 6.9
SPECIFIC CONDUCTANCE umho/cm 1500 700 2900 780 580
ALKALINITY AS CaCoO3 mg/1 460 410 230 330 330
NITRATES AS NO3-N mg/1 0.32 0.20 0.40 0.40 0.14
PHENOLICS mg/1 <0.006 <0.006 <0.006 <0.006 €0.006 1~
TOTAL LEAD mg/1 0.130 | 0.029 | 0.120] ©0.130 | 0.130|
DISSOLVED LEAD mg/1 <0.003 <0.003 <0.003 <0.003 | <0.003
POLYCHLORINATED BIPHENYLS | ng/l <1.0 <1.0 <1.0 <1.0 <1.0

VOLATILE ORGANIC COMPOUNDS
ACROLEIN ng/1 <50 <50 <50 <50 <50
ACRYLONITRILE pg/l <50 <50 <50 <50 <50
BENZENE ng/1 <5 <5 <5 <5 <s
BROMODICHLOROMETHANE pg/l <5 <5 <5 <5 <5
BROMOFORM ng/1 <5 <5 <5 <5 <5
BROMOMETHANE ng/l <10 <10 <10 <10 <10
CARBON TETRACHLORIDE ng/l | <5 <5 s <5 <5
CHLOROBENZENE ng/l <5 <5 <5 <s <5
CHLOROETHANE pg/l 180" <10 <10 <10 <10
2-CHLOROETHYLVINYL ETHER pg/1 <10 IO <10 “T10 IS 1 M Saa—
CHLOROFORM ng/l s <5 <5 <5 <5
CHLOROMETHANE pg/l <10 <10 <10 <10 <10
DIBROMOCHLOROMETHANE ng/1 <5 <5 <5 <5 <5
1,2-DICHLOROBENZENE pg/l <5 <5 <5 <5 <5
1,3-DICHLOROBENZENE ug/l <5 <5 <5 <5 <5
1,4-DICELOROBENZENE ng/1 X5 <5 <5 <5_] <5
1, 1-DICHLOROETHANE | wng/1 317 <5 <s| AL <5
1,2-DICHLOROETHANE | pg/1 <5. 5T s | T TG T
1,1-DICHLOROETHENE | wng/l 86 <5 | 4.8(3) 410 ) <5
1,2-DICHLOROETHENE ng/1 <5 <5 <5 —<5 <5
1,2-DICHLOROPROPANE ng/1 <5 <5 ;s <5 <5
cis-1,3-DICHKLOROPROPANE ng/1 <5 s /<5 s s
trans-1,3-DICKLOROPROPANE | pg/l <5 <5 /<5 <5 ¢S
ETHYLBENZENE " ng/l <5 <5 /7 ¢5 <5 <5
METHYLENE CHLORIDE ug/1 <10 <10 © <10 <10 <10
1,1,2,2-TETRACHLOROETHANE | ng/1 <5 <5 <5 <5 <5
TETRACHLOROETHENE pg/l <5 <5 | <5 <5 <5
TOLUENE ng/1 £5. <5 . <5 45 <5
1,1,1-TRICHLOROETHANE | ng/1 (85 ¢s N 98 | <5
1,1,2-TRICHLOROETHANE | ng/2 <5 <5 3% =z <5
TRICHLOROETHENE ng/1l <5 <5 5. <5 <5
TRICHLOROFLOUROMETHANE pg/l <5 <5 <5 <5 <5
VINYL CHLORIDE pg/l <10 <10 <10 <10 <10
TOTAL VOCs ng/l 668 44: 5 552 J







TABLE 5 PAGE 2
(CONTINUED)

WATER LEVEL ft-msl 736.38 738.91 743.64 744 .65 [REPLICATE

GENERAL CHEMISTRY

DH s.u. 6.1 6.3 5.9 6.2 6.1
SPECIFIC CONDUCTANCE umho/cm 500 2800 1600 970 380
ALRALINITY AS CaCo03 mg/1 120 440 100 | - 110 120
NITRATES AS NO3-N mg/1 0.78 0.26 0.16 | 0.20 0.44 |
PHENOLICS mg/1 <0.006 0.008 0.006 <0.005
TOTAL LEAD mg/1 0.014 0.400 | 0.037 0.040 0.086
DISSOLVED LEAD mg/1 <0.003 0.013 ] <0.003 | 7<0.003 1 <oTo03 1~
POLYCHLORINATED BIPHENYLS ug/1 1.0 <1.0 <1.0 <1.0 <1.0
VOLATILE ORGANIC COMPOUNDS
ACROLEIN vg/1 <50 <50 <50 <50 <50
ACRYLONITRILE ng/1 <50 <50 <50 <50 <50
BENZENE ug/1 <5 S <5 <5 <5
BROMODICHLOROMETHANE ng/1l <5 <5 <5 <5 <5
BROMOFORM ng/1 <5 <5 <5 <5 <5
BROMOMETHANE pg/1 €10 <10 <10 <10 <10
CARBON TETRACHLORIDE ng/1 <5 <5 <5 <5 <5
CHLOROBENZENE ug/1l <5 <5 <5 <5 <5
CHLOROETHANE ng/1 <10 <10 <10 <10 <10
2-CHLOROETHYLVINYL ETHER rg/1 <10 <10 <10 <10 <10
CHLOROFORM ug/1 <5 <5 <5 <5 <5
CHLOROMETHANE ng/l <10 <10 <10 <10 <10
DIBROMOCHLOROMETHANE pg/l <5 <5 <5 <5 <5
1,2-DICELORCBENZENE ug/1 <5 <5 <5 <5 <5
1,3-DICELORCBENZENE ng/1 <5 <5 <5 <5 <5
1,4-DICHLOROBENZENE rg/1 <5 X5 <5 <5 <5
1,1-DICELOROETHANE 1 wg/Y | ¢5 | 4.5(J) <5 <5 <5
+:1, 2~-DICHLOROETHANE ng/1 4.1 L5 <5 <5 <5
1, 1-DICELOROETHENE T we/y | A 7.6 ~<5. <5 <5
I72-DITHLORCETEENE | pg/l ¢S <5 <5 <5 s
1,2-DICHLOROPROPANE ng/1 <5 <5 <5 <5 <5
cis-1,3-DICHLOROPROPANE ng/1 <5 <5 <5 <5 <5
trans-1,3-DICHLOROPROPANE ng/1 <5 <5 <5 <5 <5
ETHYLBENZENE ug/l <5 <5 <5 <5 <5
METHYLENE CHLORIDE ng/l <10 <10 <10 <10 <10
1,1,2,2-TETRACHLOROETHANE pg/l 5 <5 <5 <5 5
TETRACHLOROETHENE ng/l /303 <5 <5 <5 <5
TOLUERE ng/1 5 <35 TE <5 <5
1,1,1-TRICHLOROETHANE pg/1 /56 A3 <s <5 ¢s
1,1,2-TRICHLOROETHEANE ng/1 f;ﬁ& <5 <5 <5 <5
TRICHLOROETHENE | wng/l | 3@ | <5 <5 <5 <5
TRICHLOROFLOURCMETHANE ng/1 —«5 <5 <5 <5 <
VINYL CELORIDE ng/1 <10 <10 <10 <10 <1?

TOTAL VOCs ng/1 152.1 25.1 0 0 0







TABLE 5 PAGE 3
{CONTINUED)

WATER LEVEL ft-msl 746.69 738.98 745.46 733.17 733.23

GENERAL CHEMISTRY
pH s.u. 6.1 6.8 6.0 5.9 6.8
SPECIFIC CONDUCTANCE pmho/cm 920 960 520 25000 370
ALKALINITY AS CaCoO3 mg/l 77 450 68 130 300
NITRATES AS NO3-N mg/1 0.78 0.26 0.21 0.20 0.22
PHENOLICS mg/1 0.007 0.006 <0.005 <0.006 <0.006
TOTAL LEAD mg/l | 0.010 0.033 | 0.013 | 0.054 0.009
DISSOLVED LEAD mg/1 <0.003 <0.003 <0,003 <0.003 <0.003 T
POLYCHLORINATED BIPHENYLS ug/l <1.0 <1.0 <1.0 <l.0 <1.0

VOLATILE ORGANIC COMPOUNDS
ACROLEIN pg/l <50 <50 <50 <250 <50
ACRYLONITRILE pg/1 <50 <50 <50 <250 <50
BENZENE ug/l <5 <5 <5 <25 <5
BROMODICHLOROMETHANE pg/1 <5 <5 <5 <25 <5
BROMOFORYM Hg/1 <5 <5 <5 <25 <5
BROMOMETHANE ng/l <10 <10 <10 <50 <10
CARBON TETRACHLORIDE prg/l <5 <5 <5 <25 <5
CHLOROBENZENE pg/l <5 <5 <5 25 s
CHLOROETHANE rg/l <10 <10 <10 <50 <10
2-CHLOROETHYLVINYL ETHER pg/l <10 <10 <10 <50 <10
CHLOROFORM pg/1 <5 <5 <5 <25 <5
CHLORCMETHANE ng/1 <10 <10 <10 <50 <10
DIBROMOCHLOROMETHANE pg/l <5 <5 <5 <25 <5
1,2-DICHLCROBENZENE pg/l <5 <5 <5 <25 <5
1,3-DICHLORCBENZENE ng/1 <5 <5 <5 25 <5
1l,4-DICELOROBENZENE ng/1 <5 <5 <5 <25 <S/_
1,1-DICELOROETHANE ug/l <5 <5 <5 “EZQ_* (13,\
I, 2-DIiCHLOROETHANE ng/1I <5 <5 43 BEYES 25
1,1-DICHLOROETHENE ng/l <5 <5 <5 64 | <5
1,2-DICHLCROETHENE ng/1 <5 <5 <5 <25 <5
1,2-DICHLOROPROPANE ug/1 <5 <5 <5 <25 <5
cis~1,3-DICHLOROPROPANE pg/l <5 <5 <5 <25 <S
trans-1,3-DICHLOROPROPANE ug/1l <5 <5 <5 <25 <5
ETHYLBENZENE ng/l <5 <5 <5 <25 <5
METHYLENE CHLORIDE ug/l <10 <10 <10 <50 €10
1,1,2,2-TETRACHLOROETHANE pg/l <5 <5 <5 <25 <5
TETRACELOROETHENE rg/1l <5 <5 <5 <25 <5
TOLUENE ng/l <5 <5 <5 <25 <5
1,1,1-TRICHLOROETHANE | ng/l _ <5 <5 <s - 2300 <s
1,1,2~-TRICELOROETHANE ug/1 <5 <5 <5 <25 <5
TRICHLORQETHENE | ng/1l | <5 <5 AR <25 <5
TRICHLOROFLOUROMETHANE pg/l <5 <5 <5 <25 <5
VINYL CHLORIDE ng/l <10 <1Q/ <10 35 (J) <10
TOTAL VOCs ng/1 0 0 12 969 13/






TABLE

5

(CONTINUED)

PAGE 4

WATER LEVEL fr-msl 734,39 |REPLICATE| BLANK

GENERAL CHEMISTRY
pH s.u. 6.6 7.0
SPECIFIC CONDUCTANCE pmho/cm 1600 57
ALKALINITY AS CaCo03 mg/1 740 15
NITRATES AS NO3-N mg/1 0.10 <0.10
PHENOLICS mg/1 <0.005 V/// 0.010
TOTAL LEAD _mg/l | 0.0381{ _..0b.012|
DISSOLVED LEAD T mg/1 <0.003 <0.003
POLYCHLORINATED BIPHENYLS ng/l <1.0 <1.0

VOLATILE ORGANIC COMPOUNDS
ACROLEIN ng/1 <50 <50 <50 <50
ACRYLONITRILE pg/1 <50 <50 <50 <50
BENZENE ng/1 <5 <5 <5 <5
BROMODICHLOROMETHANE ng/1 <5 <5 <5 <5
BROMOFORM ng/1 <5 <5 <5 <5
BROMOMETHANE rg/1 <10 <10 <10 <10
CARBON TETRACHLORIDE ng/l <5 <5 <5 <5
CHLOROBENZENE ug/1 <5 <5 <5 <5
CHLORQETHANE ng/1 <10 <10 <10 <10
2~-CHLOROETHYLVINYL ETHER ng/l <10 <10 <10 <10
CHLOROFORM ng/l <5 <5 <5 <5
CHLOROMETHEANE ng/l <10 <10 <10 <10
DIBROMOCHLOROMETHANE ng/1l <5 <5 <5 <5
1,2-DICHLOROBENZENE ug/1 <5 <5 <5 <5
1,3-DICHLOROBENZENE ng/1 <5 <5 <5 <5
1,4-DICHLOROBENZENE pg/l %;\ < 5~ <5 <5
1,1-DICHLOROETHANE pg/l 7 Ay <5 <5
1,2-DICHLOROETHANE pg/l -5 TS <5 <5
1,1-DICKLORCETHENE ug/l <5 <5 <5 <5
1, 2-DICHLOROETHENE ng/1 <5 <5 <5 <5
1,2~DICHLOROPROPANE ng/l <5 <5 <5 <5
cis-1,3-DICELOROPROPANE pg/l <5 <5 <5 <5
trans-1,3-DICHLOROPROPANE ng/l <5 <5 <5 <5
ETHYLBENZENE ug/1 <5 <5 <5 <5
METHYLENE CHLORIDE ng/1 <10 <10 <10 <10
1,1,2,2-TETRACHLOROETHANE pg/l <5 <5 <5 <5
TETRACHLOROETHENE pg/l <5 <5 <5 <
TOLUENE ug/1 <5 <5 <5 AR
1,1,1-TRICKLOROETHANE ng/l <5 <5 <5 <5
1,1,2-TRICHLOROETHANE ng/l <5 <5 <5 <5
TRICHLOROETHENE pg/l <5 <5 ¢S (S
TRICHLOROFLOURCMETKANE pg/l <5 <5 <5 <5
VINYL CELORIDE ng/1 <10 <10 <10 <10
TOTAL VOCs Hg/1 37 33 o) 4






APPENDIX II
Risk Calculations
North End Site
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North End Superfund Site Risk Calculations

FINAL INTAKE CALCULATIONS -Adult, Noncancer

Pathway: Ingestion of contaminated drinking water

Chemical
Chloroethane
Chloromethane

1,2 Dichlorobenzene
1,1 Dichloroethane
1,2 Dichloroethane
1,1 Dichloroethene
1,2 Dichloroethene
Tetrachloroethene
1,1,1 Trichloroethane
Trichloroethene
Vinyl Chloride

Concentration

0.00039
0.0000972
0.0000521

0.00149
0.0000481

0.00084

0.000058
0.0000855
0.000578
0.0000569
0.000116

Pathway: Inhalation of contaminated air

Chemical
Chloroethane
Chloromethane

1,2 Dichlorobenzene
1,1 Dichloroethane
1,2 Dichloroethane
1,1 Dichloroethene
1,2 Dichloroethene
Tetrachloroethene
1,1,1 Trichloroethane
Trichloroethene
Vinyl Chloride

Concentration

0.00039
0.0000972
0.0000521

0.00149
0.0000481

0.00084

0.000058
0.0000855
0.000578
0.0000569
0.000116

Intake
0.028571429
0.028571429
0.028571429
0.028571429
0.028571429
0.028571429
0.028571429
0.028571429
0.028571429
0.028571429
0.028571429

Intake
0.002964286
0.002964286
0.002964286
0.002964286
0.002964286
0.002964286
0.002964286
0.002964286
0.002964286
0.002964286
0.002964286

h-2

Final Intake RfD
1.11429E-05
2.77714E-06
1.48857E-06 0.09
4.25714E-05 0.1
1.37429E-06

0.000024 0.009
1.65714E-06 0.01
2.44286E-06 0.01
1.65143E-05 0.09
1.62571E-06 0.006
3.31429E-06

Pathway Hazard Index
Final Intake RfC
1.15607E-06 10
2.88129E-07
1.54439E-07 0.04
4.41679E-06 0.1
1.42582E-07
0.00000249
1.71929E-07
2.53446E-07
1.71336E-06 0.3
1.68668E-07
3.43857E-07
Pathway Hazard Index

Hazard Index
ND

ND
1.65397E-05
0.000425714
ND
0.002666667
0.000165714
0.000244286
0.000183492
0.000271
ND
0.003973412

Hazard Index
1.16E-07

ND
3.86E-06
4.41679E-05
ND

ND

ND

ND
5.70E-06
ND

ND
0.000053843






North End Superfund Site Risk Calculations

FINAL INTAKE CALCULATIONS -Child, Noncancer

Pathway: Ingestion of contaminated drinking water

Chemical
Chloroethane
Chloromethane

1,2 Dichlorobenzene
1,1 Dichloroethane
1,2 Dichloroethane
1,1 Dichloroethene
1,2 Dichloroethene
Tetrachloroethene
1,1,1 Trichloroethane
Trichloroethene
Vinyl Chloride

Concentration

0.00039
0.0000972
0.0000521

0.00149
0.0000481

0.00084

0.000058
0.0000855
0.000578
0.0000569
0.000116

Pathway: Inhalation of contaminated air

Chemical
Chloroethane
Chloromethane

1,2 Dichlorobenzene
1,1 Dichloroethane
1,2 Dichloroethane
1,1 Dichloroethene
1,2 Dichloroethene
Tetrachloroethene
1,1,1 Trichloroethane
Trichloroethene
Vinyl Chloride

Concentration

0.00039
0.0000972
0.0000521

0.00149
0.0000481

0.00084

0.000058
0.0000855
0.000578
0.0000569
0.000116

Intake
0.061603376
0.061603376
0.061603376
0.061603376
0.061603376
0.002025316
0.002025316
0.002025316
0.002025316
0.002025316
0.002025316

Intake
0.0127827
0.0127827
0.0127827
0.0127827
0.0127827
0.0127827
0.0127827
0.0127827
0.0127827
0.0127827
0.0127827

Final Intake RfD
2.40253E-05
5.98785E-06
3.20954E-06 0.9
9.1789E-05 1
2.96312E-06
1.70127E-06 0.009
1.17468E-07 0.1
1.73165E-07 0.1
1.17063E-06 0.09
1.15241E-07 0.006
2.34937E-07

Pathway Hazard Index

Final Intake RfC
4.98525E-06 10
1.24248E-06
6.65979E-07 0.4
1.90462E-05 1
6.14848E-07
1.07375E-05
7.41397E-07
1.09292E-06
7.3884E-06 3
7.27336E-07
1.48279E-06

Pathway Hazard Index

im-3

Hazard Index
ND

ND
3.56615E-06
9.1789E-05
ND
0.00018903
1.17468E-06
1.73165E-06
1.30E-06
0.0000192
ND
0.000307991

Hazard Index
4.99E-07
ND

1.66E-06
1.90E-05

ND

ND

ND

ND
2.46E-06
ND

ND
0.000023619






North End Superfund Site Risk Calculations

FINAL INTAKE CALCULATIONS - Adult, Cancer

Pathway: Ingestion of contaminated drinking water

Chemical
Chloroethane
Chloromethane

1,2 Dichlorobenzene
1,1 Dichloroethane
1,2 Dichloroethane
1,1 Dichloroethene
1,2 Dichloroethene
Tetrachloroethene
1,1,1 Trichloroethane
Trichloroethene
Vinyl Chloride

Concentration

0.00039
0.0000972
0.0000521

0.00149
0.0000481

0.00084

0.000058
0.0000855
0.000578
0.0000569
0.000116

Pathway: Inhalation of contaminated air

Chemical
Chloroethane
Chloromethane

1,2 Dichlorobenzene
1,1 Dichloroethane
1,2 Dichloroethane
1,1 Dichloroethene
1,2 Dichloroethene
Tetrachloroethene
1,1,1 Trichloroethane
Trichloroethene
Vinyl Chloride

Concentration

0.00039
0.0000972
0.0000521

0.00149
0.0000481

0.00084

0.000058
0.0000855
0.000578
0.0000569
0.000116

Intake
0.012244898
0.012244898
0.012244898
0.012244898
0.012244898
0.012244898
0.012244898
0.012244898
0.012244898
0.012244898
0.012244898

Intake
0.030612245
0.030612245
0.030612245
0.030612245
0.030612245
0.030612245
0.030612245
0.030612245
0.030612245
0.030612245
0.030612245

-4

Final Intake Slope Factor
4.77551E-06
1.1902E-06 0.013
6.37959E-07
1.82449E-05
5.8898E-07 0.091
1.02857E-05 0.6
7.10204E-07
1.04694E-06
7.07755E-06
6.96735E-07 0.011
1.42041E-06 19
Pathway Cancer Risk
Final Intake Slope Factor
1.19388E-05
2.97551E-06 0.006
1.5949E-06
4.56122E-05
1.47245E-06 0.091
2.57143E-05 1.2
1.77551E-06
2.61735E-06
1.76939E-05
1.74184E-06 0.017
3.55102E-06 0.29

Pathway Cancer Risk

Cancer Risk
ND
1.54727E-08
ND

ND
5.35971E-08
6.17143E-06
ND

ND

ND
7.66408E-09
2.69878E-06
8.95E-06

Cancer Risk
ND
3.86816E-08
ND

ND
1.33993E-07
0.000030857
ND

ND

ND
2.90E-08
0.000001029
0.000032087






North End Superfund Site Risk Calculations

FINAL INTAKE CALCULATIONS - Child, Cancer

Pathway: Ingestion of contaminated drinking water

Chemical
Chloroethane
Chloromethane

1,2 Dichlorobenzene
1,1 Dichloroethane
1,2 Dichloroethane
1,1 Dichloroethene
1,2 Dichloroethene
Tetrachloroethene
1,1,1 Trichloroethane
Trichloroethene
Vinyl Chloride

Concentration

0.00039
0.0000972
0.0000521

0.00149
0.0000481

0.00084

0.000058
0.0000855
0.000578
0.0000569
0.000116

Pathway: Inhalation of contaminated air

Chemical
Chloroethane
Chloromethane

1,2 Dichlorobenzene
1,1 Dichloroethane
1,2 Dichloroethane
1,1 Dichloroethene
1,2 Dichloroethene
Tetrachloroethene
1,1,1 Trichloroethane
Trichloroethene
Vinyl Chloride

Concentration

0.00039
0.0000972
0.0000521

0.00149
0.0000481

0.00084

0.000058
0.0000855
0.000578
0.0000569
0.000116

Intake
0.005714286
0.005714286
0.005714286
0.005714286
0.005714286
0.005714286
0.005714286
0.005714286
0.005714286
0.005714286
0.005714286

Intake
0.001185714
0.001185714
0.001185714
0.001185714
0.001185714
0.001185714
0.001185714
0.001185714
0.001185714
0.001185714
0.001185714

-5

Final Intake Slope Factor

2.22857E-06

5.55429E-07 0.013

2.97714E-07

8.51429E-06

2.74857E-07 0.091
0.0000048 0.6

3.31429E-07

4.88571E-07

3.30286E-06

3.25143E-07 0.011

6.62857E-07 1.9

Pathway Cancer Risk

Final Intake Slope Factor

4.62429E-07

1.15251E-07 0.006

6.17757E-08

1.76671E-06

5.70329E-08 0.091

0.000000996 1.2

6.87714E-08

1.01379E-07

6.85343E-07

6.74671E-08 0.017

1.37543E-07 0.29

Pathway Cancer Risk

Cancer Risk
ND
7.22057E-09
ND

ND
2.5012E-08
0.00000288
ND

ND

ND
3.57657E-09
1.25943E-06
4.18E-06

Cancer Risk
ND
6.92E-10
ND

ND
5.18999E-09
1.20E-06
ND

ND

ND
1.00E-09
3.90E-08
1.24E-06





